derivatives, and suramin have been reported to inhibit heparanase and suppress tumor metastasis,3~5) a significant drawback is that they are limited in their application, probably because they are of a high-molecular weight and/or exert non-specific effects in other systems. Specific low-molecular weight heparanase inhibitors, therefore, are expected to find utility in further evaluating the pathophysiological significance of haparanase.
During the course of screening for new haparanase inhibitors, A72363 A-l, A-2, and C were isolated from Streptomyces nobilis SANK 60192.6) They represent diastereomers of siastatin B, a neuraminidase inhibitor. 7) In addition to these novel compounds,the strain was found to produce siastain B and an 7V-acetyl-/?-Dglucosaminidase (NAGase) inhibitor, nagstatin.8) In this study, we have examined the inhibitory activities of these compounds towards various glycosidases. The mixture was then centrifuged at 9,800xg for 5 minutes, and the radioactivity of a 200 fil aliquot of the supernatant was counted using a scintillation counter.
Other Glycosidases Neuraminidase assay was performed by the method of Umezawa et al.n) The enzymereaction was carried out in a total volume of 0.5ml of 50mMpotassium phosphate buffer (pH 6.0) containing 0.2mg bovine sialyllactose. After preincubation at 37°C for 3 minutes, 10fil of neuraminidase from C. perfringens (1.0unit) was added to the assay mixture. After 30 minutes of incubation at 37°C, the released 7V-acetylneuraminic acid was quantified by the method of Warren.10) /?-Glucuronidase activity was measured as described by Stahl & Touster11} with the following modifica-tions. The assay was carried out in a total volumeof 0.2ml containing 0.5 mMphenolphthalein-glucuronic acid, 0. 1 msodium acetate (pH 5.0). The reaction mixture was preincubated at 37°C for 3 minutes and then 66.7 /ig of/?-glucuronidase was added. After 15 minutes at 37°C, the reaction was terminated by adding 0.5ml of 0.5m glycine-KOH buffer (pH 10.5) and the reaction mixture was centrifuged at 7,000 x g for 5 minutes. The concentration of released phenolphthalein in the supernatant was measured by the absorbance at 550nm. An NAGase assay was performed as described by Aoyagi et al.8) Results
Inhibition of Various Glycosidases by A-72363 Compounds
In the preceding paper,6) we identified the compounds A72363 A-l, A-2, and C as being diastereomers of a neuraminidase inhibitor, siastatin B, and that an NAGase inhibitor, nagstatin is also produced by the same strain, (Fig. 1) . The Km value for phenolphthaleinglucuronic acid was 0.22mMand the apparent Ki value for A-72363 C was 0.77^m. As shown in Table 2 , /?-glucuronidase was preincubated with varying concentrations ofA-72363 C at 37°C, and the concentrations of the compoundwere reduced to one-fifth in the enzyme assay. As indicated, the inhibition was potentiated by preincubation, and did not depend on the concentration of the inhibitor in the enzyme assay. Fig. 2A shows that the preincubation apparently inactivated the enzyme in a time-dependent manner. The IC50 value for /?-glucuronidase after 120 minutes preincubation was 0.055 /iM compared to 1.6jum without preincubation. In contrast, the inhibition ofheparanase by A-72363 C was reversible, and preincubation with the enzyme did not result in significant potentiation of the inhibitory activity (Fig. 2B ). In the case of siastatin B, inhibition of neuraminidase was reversible and time-independent, 
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The enzyme assay was carried out as described in "Materials and Methods", except that the concentration of the substrate was varied as indicated. The analysis was performed under the condition that the enzyme reaction was a linear function of time. The points in the reciprocal plots are the experimentally determined values, while the lines are calculated from the fits of these data to the rate equation for competitive inhibition.
while preincubation with /?-glucuronidase significantly potentiated the inhibitory activity in a time-dependen manner (Fig. 2C, D) . Although the A-72363 grouj compounds inhibit various glycosidases, the mechanism; of their inhibitions are different in respect to the enzymi they are targetting. Lineweaver-Burk plots on the in hibition ofheparanase by A-72363 C were not performec since difficulty was encountered in varying the substrat< concentration in the solid-phase assay empoyed. Enzymeassay was carried out as described in Materials and Methods, except that the enzymewas preincubated with A-72363 C at 37°C for 30 minutes and the concentration of A-72363 C was lowered to one-fifth of the preincubated level. Fig. 2 . The effects ofpreincubation on the inhibitory activities of A-72363 and siastatin B for various glycosidases.
-Glucuronidase and 0.23fiu of A72363 C (A), heparanase and 9.2/jm of A72T63 C (B), jS-glucuronidase and 4.6 /zm ofsiastatin B (C), or neuraminidase and 68.8 /zm of siastatin B (D), were preincubated for 0~60 minutes, and the remaining enzymeactivities were determined after 30 minutes of incubation at 37°C.
Discussion
A structure-activity relationship is revealed in this study on the diastereomers of siastatin B, and there are two major findings. Firstly, it has become evident thai the axial orientation of the 7V-acetyl substituent at the C-6 position on the piperidine ring is critical for the inhibition of both bovine liver /?-glucuronidase and tumor cell heparanase. Secondly, it should also be noted that both A-72363 C and siastatin B irreversibly inhibited only /?-glucuronidase, and the effect of both compounds on other enzymes were reversible. As it is difficult tc consider compoundsthat bind covalently only in the case of jS-glucuronidase, it is reasonably assumed that tighi binding inhibition occurred. Therefore, we speculate thai the inhibition mechanismdepends on the target enzymes rather than on the chemical structure of the compounds Recently, Nishimura et al. reported the synthesis oJ trifluoroacetamide analogues of siastatin B that are potent inhibitors of /?-glucuronidase and have antimetastatic activity against murine B16 melanoma.12 They speculated that the anti-metastatic effect of these compounds could be attributed to the inhibition oftumoi cell heparanase, although they did not have direct data on it. It should be noted that the orientation of the iV-acy' substituent at the C-6 position on the piperidine ring oJ these trifluoroacetamide analogues is not axial bui equatorial, as in the case ofsiastain B. It will be ofinteresi to study the effect on inhibitory activity of the orientatior of the trifluoroacetamide group.
Glycosidases are involved in various diseases, such as neuraminidase in virus infection. It is reported that some derivatives of siastatin B inhibit influenza virus neuraminidase and its infection in vitro.13) From studies or the structure-activity relationship of siastatin B derivatives, it has been suggested that the axially orientec carboxyl group is important for the influenza virus neuraminidase inhibition.13)
The derivatives having equatorial carboxyl group, however, also inhibit othei glycosidases.13?14)
Structural comparison of siastatin E and its reported derivatives12~14) with A-72363 A-l, A-2 and C revealed that the orientations of the two hydroxyi and 7V-acetyl group are also important for neuraminidase inhibition. The present results will be also informative for the design of more specific inhibitors of neuraminidase together with other glycosidases.
